shows XPS core level spectra for N 1s where a-f represents decreasing MAPbI 3 film thickness and highlights the destruction of the perovskite organic (CH 3 -NH 3 ) core close to the surface for thin MAPbI 3 films. From the N 1s core level spectra of the same MAPbI 3 films there are two peaks present at 399.9 eV and 401.6 eV, corresponding to the existence of free amine group NH x and NH 2 singly bonded to carbon respectively. 1, 2 It is interesting to note the existence of NH 2 bond even in the thicker MAPbI 3 films where the I/Pb ratio is ~3: 1. This indicates that the organic core (CH 3 NH 3 ) is decomposed due to weak hydrogen bonds, resulting in the deprotonation of NH 3 to NH 2 . 3 Decreasing MAPbI 3 film thickness reduces the concentration of the methyl component through evaporation of MAI (CH 3 NH 2 I) until the organic species is not present at the surface (< 10 nm) of our films, with atomic ratio I/Pb reducing towards to 2:1. The rapid surface chemistry observed for thin MAPbI 3 films can be compared with typical chemical decomposition that is expected under prolonged aging in ambient conditions. 
SEM of sprayed films (< 500 nm).
Reducing the film thickness further to < 500 nm using spray technique proved difficult and produced extremely porous films exhibiting small rod like structures assumed to be PbI 2 , highlighted in Figure S6 below. Figure S6 a-b still exhibit the outline of large grain structures however it becomes evident that these large grains have begun to de-agglomerate due to the chemical decomposition ( Figure S6c-d) . The incorporation of these low thickness films in PV devices resulted in shunting behaviour due to the non-homogeneity of the sprayed film (not shown). The rapid degradation for thin sprayed films (< 500 nm) is in good agreement with the surface chemical gradient determined within main manuscript for decreasing MAPbI 3 films ( Figure 2,4 and 5) . In order to fabricate high efficiency devices that are more technologically relevant, using this one step spray technique, the issue of rapid degradation observed in thin films will need to be addressed and overcame. Table 1 : Current voltage parameters for curves a-c) displayed in Figure S6 subject to continued illumination 0-6 minutes.
